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(ROUGH DRAFT) 

ll�ch]and, Ve.a.biilgton 
June 26, 19'l. 

1'le l!Ml.th Inatrume:a.ta 111:rl.Jsiou at Ba.rl:t'ard. a:re � !.u�tod 1n tl:IA 

reactor etnu.ent 'VII.ta' aa a. 1)01:enti&l. ao\J.rCQ at n41oactiTe pol..lution at the Co1u:i::b1a 

ll1YIU" •. A.II a. NBul:t, moat at our -vork. bu been � on tl:wt --..urement at the 

l.onser li "A'd. &C'ti T1 U•. 

A. 8tud;r at the ccmwoe:11:S.Oll ot the va.1:c" ._. rtrst lll&d.e by Vest wen the pl.a.ut

w.a put into operaUO'Q. l"l"aa that time un'W. tbe e:.ad. ot 1950, ll0 eoncarted. et'f'art. 

w.a -.d.e to obta:1.n a caaplete picturo ot the •t..«r cc.-;,osit1on. Beeentl.)" a. serie.a 

at a:l.l�• "IIU •tarted 'tr'f both the Technical &:Id !e&lth Inatruaim� D1T1a1ou to 

e"nlJ.uat.e poui'blo baa.rd.II 11.1¥1. to ast.1.mate the offec'ta ot Ta:Z'iou.s :lllttllcd.a at pn.U

a:1l:lal"y t::z:-. t:mnt at the w.t.r. 

1'ba N&Ctars at l!&m"ord U"9 locat.ed. on the Col.umbi.a. Ri 'T'm' at di•tancea at 38-5 3 · 

rt"fer m::.l.lAa IU>O'T'S· the tam � Puct0. 1'1gu:::re l illuatr.1:tee "the location ot the tou:J: 
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Chaa:ie&J. 
~~ A& 0,002 

.u 
0.2 

0.00!4, 

0.3 Ii'? " <. 0.2 
~ 0.2 C Au 

L. 0.01, 

<- o. en C., Ca 
,,'> 2 

25 )' 2 /I"'¾ ' 

0.03 
O.B 

'""' .. c:r 

i Cu 
Cl. 07 o. en 

0.02 .,., 
0.J. 

0.02 0.5 
<:;;:,t 

' X: 
2 

2 
·"'-! 
i.,,-o;{.;; }<g 

2 

2 Mn 
O.l 

0.005 
0.01 

~ .. 1 
Ho < 0.005 

0.1 n.. 
Z& )' 2 

~5 >2 p 
< 0.2 

O.Ql.5 ..__ 0.2 5i 
/' 2 

Sl" 
0.02 

>2 

~ "-- o.~ 0.02 

<. G.011. O' 
<- 0.2 

< ~-~ 
c... 0.2 
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'.rhese �e• . are � · a qual.1. ta. ti Te m.ture ai.z:lce tlMt ·. ri,,ee; tro�ph baa not. be-en 

veil �brated. tor these aaaple• and.the. c.bm1cal. � &:N' o� a spot ::!St:u::'l"'e 

Yi th OD.l.y one or two P:ntples tor each T&l.ue. �· pa.rtic:ula::' interest in t:111.1 tab.le 

a.re tJ:i.e J.ov T&l.ue tar mnga:ne•e and the •1i;nitica.nt w,tmt.a af s0diua, cal.ciua, &tlt4 

pota.uiua. 

Attar l.eCLTing the N&Ctcr, Uie vat.er 1.11 puaed ·� a. retention buin dea1gned, 

1n tvo aectiona ■o twt.t. either -.::, be ua�. �_nd.ontl.;r •. 1lers the vat«r La heJA 

ror aTerage t.uee ot 2.5-4. haurs ·..o a.J.lov the abort liTed acUT1tiee 1.Dd1lc1td in ::11•. 

vat.a' its ret"unl:ed. to the riTllr. !he actual hol.d-up tim& u wau:red 'ay aa,q,11ng a.t 

the f!!l'rtrunce a.ad tlls u:1 t &ad acaplll"'1ng these �.l t= w & Jlle&8U?'ed. d.eca:,. curTe 1.a 

vat.er nov 1nd.1catJ..ng Utt.la eh,,nneJ 1ng. 
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.l car:;wata l.1a't.in6 or the •Jor botapa -.au:rc.d. 1n thll �ter Yi.th thair 

rel&t1 ff <:a:ncentz'atiOU 1a s:t.1l.l DOt aira.:1 l ah] a beaaua. ar. tlMt CQllp] CZ mtu:re or

1:.ha id.xtun p:rod:u,ced. and. the cl1:tt1cul.t1N 1n �ting � ar one 1aotc,pc 

t'.rca 111:rga q_uut1 ti• ar ot.be:r contaminant.a. V• ba'ft 1d.ezrt.Uied, bavwna.-, �lJ 

all ar the -.Jar ccnt:rtbutcrs and b&'Tfl obt&1J)ed. sa1111 da.t'& cm tli. NlAtiTa &b1m

a.ace, aJ.t.beugh th1.I a.ta ha.a not been obtai.ned. far a auffid.ent length of t.1.'M 

to pc-,a1.t nal,,at10!l of azr:J' poaaibl• chaz:lg-es Yith 1-..ou dl:1111 to T&l'iaticm ill 

ri"nlr naw and. thwl tu:rbidi t)" • lli.DcnJ. cont.At., Qtc. A � of the relat1 n 

a.eUTi tie• .tu• t.o the 'TU1.oas 1•0tOP41• � ginn 1n Tabla 2 ar.ranpd &c:r.ord.1.r..g 

to M.l! -l.1.1' •• 



Isotope 

C 

0 

HW--2Jln-De l 

En"Uralff 'WATrn AC:a YI:tl.E8 . 
Four I!ourt1 out at R~ 

'li./2 

2. 59 Hr 

l.4.8 Irr 

26.a m:-

67 Hr 

6o-70 H:r 

l.q. u 

26.5 da 

l;.7 d& 

Mixed 

Ra.d.i&tion Energies 
Partic.l.e P'hoton 

?u'f' 1-v' 

5.1,2.11. 

0.7,1.05,2.88 

1.39 

K,0.57,0.66 

1.3,2.5,3.0 

0.24,1.3 

0.25,0.46 

3,J,, 

o. 84 ,l. Bl, 2. lJ 

1.38,2.75 

1.35 

0,55,l.2,l.8 

o.2~,o.n,0.82,0.84. 

no 

0.32 

1.10,1.30 

3 

31 

23 

30 

5 

0.3 

l.J 

0. 5 

O.I;. 

0.1. 

5.7 
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All. pe:rcent&ges 'in this vork baw �n be.sed. on the act1T1t;r tOl.4" hours� 

lea.vug the pil.ee since thio is a.n apprax:1.m.tion at the ho.ldu:p time in the retention 

buiii. Rel.a.ti.,.. vaJ.uea at arr::r othsr time '=-Y be obtained. by extrapolo.tion v1 th 

llo.U'"."llto. · The. c134 and ca!i.9 values in this table WN az.t:rspolated t'r0lll wrk dcno 

1nl945; all 91:.he:r val.ues b&Te'oeen measured 1n lat.e l.950 or ear� l.951. llll4 are n

�ecm:tat1n at law riTV now. Since the actual &'D&l.ytical TBl.ue• � added to 

751,, the rnul:ta in the tabJ.4' Yl!l%"e ncnalJ.zed. to gift. & total. at J..001'. 'J!hia di.sere

� in el.oeu:re is belitrTed to be due to the di.ttic:ulty in cOZ'NC't1.n.g th. Mp!IZ"&tod 

p:r,ri:iV,f.ta:ta to the ume beai• at 1e=Pl• npree.d, ael.:t'-el>sCJZ"ption, eta. u tbe arigiml 

hours oth=r than the one• llated. 

One isotope 110t listed illthia tabla 1a s13J. (2.8 houn) imich � be.preacmt to 

the extent at 5-101, althougb. the �nt.a a"1'11i.l.ab1• do net check too wl.1. 'l'he 
. . 

mterial llated u unid.m::rtUiet; roll.oviJ in the �cal. :procedu:re a.t the point vbare 

one Y0uld � :1.::-conium., but ap.c1fic ne.ct10:ru1 to -poo1t1"rel.:' identUy it b'&Te 

net yet been ean-1.ed. out. The t'nction listed a.a "nre t!l6.'l:"tha• is that act1v1"7 that 

c:a:rrtea thl"0Ui91 tll.lt· l.a.ntha.m:all nuorld.o proced.Ul:"'9 after rcn:mu. at intert'uing i0n11 

cc;rpos1to m:xtu:ro. The iu:tiTi't-7 docreuea by a t11et.c:r_at tin in that tint da::r, "1

a. factor� 50 1n the fin't ton day1I and 'by a, factor at 1000 in tho tint twenty da:y:D •

Tb.ti «.ICIICt iaotopea that ll1ISJto up this �an bave net bea:l ieolatad but an Ul¥'1cub

� .. � � :r�-ll·NCl m.tcrial.a prcdncod both bJ" 1n'ad!.tL�on at tracff at

n:r,, es:r-th.a in the vat.i.rr IWl by finion at the a:mU &110tutt at u:ramus proacmt in the

vat«r &Dd. 011 the outer aur!ac�• at tho unm.a slugs. ·��at 1w:h a p:rocea

has 'boen 1.ndJ.cated. bj' iaala;tirig the ba.:ril.Vll' 1':r&ction. u:d. noting the doeay rate. A

bu1l.du;p at· aativity corn� cl.oe� to that �ted t'rotl. tbe L&lli-0 daughter

:ne.140 indicated. the pNee=e at f1u:iou · in a,tch a poai t1oa. that tbG product.a an

NJ.eaacd. to the wt.er. A. � eet1riiate or the u1:.i:v1t;r at this t:N.ation at O.Cll$

j 



ot tho totai allaved an estim.te at about 0.5 grmaa ~ uraniuz:i 1n contact Yi.th the 

cool.1.ng ayatem it' all at the Ba.140 ~duced 1a diaaol.Ted ~ the. w.ter and not 

adsorbed. on surfaces. 

P'rom tabl.H l and 2 it 1a apparent that the a.atirtt:1.ea at· these rract.1.ona are 

cea• imter. Such mater1.als u Xn, Ca,· er, and 'J'e are higher 1n proportion than 

vou.ld be expected. 'Ihis bas been llhovn, 1n the. eaM at the Kn, to be due to holdup 

at a portion ot the .lb 011.the va11a at the tube through the pile thus nau1ti.ng in 

& longsr 1rradiation time. Vest baa estilaated. that abc::Rlt 2$, at· the znengane•e 1a 

held up tar about 45 Jdnutea to g1Te the increaae in act:1:Tit:, •. ~ large Ull0Ul1UI 

at Cu, Fl!, ete. an, undoubtedly dlle t.o the -.ame problem at tilla tanation ot the 

© 
callo1'1al. hydrarlde• vith subaequent release to t.he vater. Rad1ochew1 cal. IIJla.].ywea 

C 
or tho film a~ped from this 1Lus1da at the tube baTa iDdicated the :i;xnaence at Mn, . 

~·~-: 
'Ii,.,..,. ... 

Cu, Ba, er, P, lllld. iron. 
0 

'llieoe act1 '71 tiaa form onlJ' a small perc-mtage at the total act1 Ti ty u •.ha 

.rater l.cave• the ree.c-tor. It bu been estimated that the w-6 (8 •ec) contributes 

about 30,000 t:1:mea a.a much &Ct.1-:,it-/ u the Xa24, vhil~ ol9 (31 see) contributes s.bout 
~~ 

lCO tilcea and the Al.28 (2i4 K), t'rolll corrosion and the catunl. al.u:minum. 1n the -.m~, 
C\-1 

contribute t\bout 20 ti.ms a.a mw:h &a t!:1.e.Ha.24 . ~ae iaot.opes ha.-reprac-ticallJ 

di5&ppeand. by the ti.ma the Y'lter leaves the retention bauin. 

Figure 2 lll.u.at:rate• the rate or· d.acq o'Tllr is. period ot tvc ar:m"thlt at scms:ntJ. 

sa.mp.l.ea ~ this wtc'. Tho aolld line 1n thia f'1.gure npresent.a a calculated. dee~ 

cu:n,, frca the ~w p:r,,aented in Ta.bl.e 2, 1ib.1:JA. tl:l.a point;; a..-a Tal,ua,; -;z-.~ 

on a mica. vindov oountar. All nsul ta have been .aormlizod to the 11.eti Ti tJ" atter 

tw ~ ror cc:mperlaon. 'rhe check betveen the tvo curre11 indicate• that 110 mJor 

fi'r&ct.ion bu boen olld.tted., particularly trail the longer liTed. isotopes. 

Some imal.:,aea ha.Te been carried. out tor trace qU&Dtitie• iuthough thia prosrim 

, ,:· .. , ' .. .- ; ~(;:'~·~; ~~~~·~ 
~; ' .. ,.• ,•t.\f·~ ~;..; < 

.. ····· 

:·~ 
,,"; 

1a b,- no ~. comp.let.a. Our intereata 1n thia pro't:.1en ll.."""e ~ a1lllll9d at t.hoae 

1.sotope• vhich, al though present in mmll. qwmti t:1.ea, ~ p:r,,Ant a bamrd becauae at 

.1 
..x as u:wwa M 2iU:::WWWLJ&U&!ZE A½filAA+iPFP &44¥AW6&4EA :MAS?i 
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their low muiBm ~nd.Hi'ble ln'el. in the bodt. Val.ue~ for 7,r-95, Ti.51, Ca 6o, 

and c..45 aN all leH ti.an 0.01;,, vbile Zn65 1• &bout o.o~ and 81'89 1lt about 

o.0021,. These ft.lue• are uncert&il1 &t thia UDe becauae of cheaical ditt1cul:Uea 

and. by :Nad1 ng a thj.!l nnpla r:4 the ..,.,tel' on & ab&ll.ow 1on1.zat1on cballber three 

...,tel" are taken, na.l)Or"ated. to dr.fne•~ &nd MUured on mica Yindov count.en far 

tctllJ. actiTit;r. Both at theae nedin~• (total d.ooage rate and. sctiTity) baTC rlu.c

tuat.ed vith changes in pov9r l.e'ffl. of the reactor ail4 posg1bl.y' Yith eh.wl.,..,rq in tu:r .. 

bid.:!. ty of the r1 TV va;t.er. 

_. ain.oe the nl.ation between utivity &nd the d.ofia.ge rate 11111.Y be expnased. by a. a1mpl.e 

o:o· equation of' the ror.ac 

D • Kil 

~ D ia the oir)u.ge n.te 1 A is th= &et.hi tt and. E 1• th• a~tt di• integra-

,,,,,,J tion .uergy ot t:1• a.ctin 11caponeata r:4 'tlw vat.a. Thu.a ~· tbare 1• uo c:l:umge ill 

n:-- cocpo91t1on at the "WIit.er E Y1ll na.1.n conatant and~ ra.tio ~ the do&qe rate to 

tion d.uring tlw llJCil.tha ot M&1' to Auguat &<JQ. ~ lllinimm in the 'Winter IIOD.tha. 'I.'lu.a 

my be dua to an increu• in the Nlati..,. ~ 64 uoncentration during the '11.nt.er aino• 

thia iaotop,e l:iaa an llftragG d1aintagr&t1on •Dff'fC" r:4 0.22 He'1' aa ccmpend to ~.8 lSlrT 

for 11&~ and. 2. 6 JC.ff ror Mn56• tlnf'artumi.tel_r th.eH data are not accurate enough to 

a.l1ov a:acit n&l.m.U.on or t.hit N.lati Te gimm, and. bet& energ:S.ff and the &D&l.Ttical. 

data V'9 ?1.0t u ret ~tailed enough to abav actual cbangea 1.11 ccmposition ~ th. wter. 

., 

11:',; L..--------.........,._,,_.._,.~.i•------....,____..,_Aiiil~· ,____..---,_,_.. .. ~ :son a M sc:a 
··-tr CJ At iii I t J 
'"w 
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.nie, retention ba.ain Pl"O'Tid.ea a sett.Ung location tor any salid PQ"tic.lea 

that m,y- be 1n the va.te:r tl-on the l)el"iodic trea.~nt to r-:aove 1"1lm .t?-o!!i th= 

tubes, IUld it allow conta.ct betireen the vate:r and. the &lgae that grova on 

. tlut aide• or the baain. 'fbc,ae solid •teriw tend to ad.aorb act1"'11ties tram 

the nter IU1d become actin. In theme sa.J.1da, the longer liTitd iaotopea a.re 

or· particular Uzpartance becauae ot the greater relat:1n concentration that 

VUl occur b«t'or,, their ra.dioa.ctin dee~ J.im. ta the equ:Uibr.1.um va.J.ue. 

All&ly-H11 or &l8ll,e t'rom· thne buina indicates concentr8.t1on.a ot p32 up 

to 18;' of the total aeti T1 ty eight• hours at't«-e remoT&.1.. !be Ha.2!1, act1 Yi ty-

1•- leH than 71, Wile the eu64 
is greater than ~- Other •amplJs 26 da.ya 

ol.d han p,32 concentrat10n.a up to 25-3~. The t.:lt&l act1T1ty ot thi.s a.lgzs.e 

1• about lOO time.e that or tho w.ter tor the ume wight• • 

.Analyses or the &at1Yity at the time film i. beiJig removed t'rom the tubea 

iruUcate that both the, :pertit.-ula:t4 and the soluble t'ra.Ction., are ra.lat1~ 

1.ncreued in ea,64. Ud. decreaaed 1n ~56 cu ':Olllpared to the normal, vat.er. The 

p&z"t1auJ.ate portion 1.11 1n.c:ree.aed in ?32. Total. concen~tiona ot actiY1ty in 

tho -vater &re· i.ncreued. ~ ta.ctors ot about 100 mo• tl.jr carried by 2-5 PPM of 

l)U'ticl.ea 11bout 0. 5 mieron in d.1=:ctar. 

Both plutonium and l,)OJ.OU1um, have been detected 1n the algae and. in the 

IXr'Ucipitate .. t tho bottom or the basin al.th~ th9 ana.l:,tical. teclmiq'll.ff an 

' ,. .... 
L 
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&t'ter aoma time or open.tJ.on, wen a:am.nod ro:r tritium ox1.da, gan T&lue• af 

about 0.3 w:/co. 'lbeH Talue• did not eh&ng• O"Ter a. period. ~- time 1.ndicati.ng 

nc ru.rthe:r buildup ~ a.ct1T1.t;r. 'nle• e reault.a posed. tllrN FO'blemsl (l) ve.a 

the sctirtty N&ll7 due to tritium ar wa our method~ anal.yai• 1n error? 

(2) why vu there !10 turther inereaae 1.n act1Tit;r1, and. (3) vey should thsre 

be tl:l.i.• much act1Y1t;r a:1.nce Yith the publ.ished croa-•ect1on or deuteri~ and 

tho Htima:ted. nux, theM concentrstiana ahould ~ lover than meuurftd by a 

raatcr ~ lOOT 

~ ~ta vere imd.e both by _the ionim.t.ion curr,,nt produced 1n 

acetylene &nd by the co'W.\ting rate t'rcia a hydrogen 1"Ulad GK counter V1th 

good c:hecb bet-wen mt.hod.a. A.tter numeroua d1.•t.il.l.ation.a, b~ ot hydrogen 

111Uat be dlla to tritium aince it fol.loved bJ'droge ill rn,;ry ease axe~ in 

lftl.t:ctro.lysia ~ a large ~le 'Ibero the gft• w.a d,rpleted in activity "by a. 

ta.cto:r ~ 5-6 aa was expected.. 

'?ho que•t1ou ~ the awroach ta equilibiua va.s anmnd reuunabl7 Yell by 

o:uwJnatj.on ~ the rate~ dilution due to vater add.ed. J'igun 3 :p:re•enta the 

mauured Talu• ~or one run ahoving tho buildup or tr1 tium. a.ct1 Tit:, approach .. 

1ng a equilibrium 'Y'&l..lw. 'Die •al.1d line• in t.hi11 diagz'UI repreffllt the ~ted 

ra.ta ~ buildsip ...rter taking into account the dilution by vat.er addf,d. vi.th 

tbCD c:urrea D01'!111ll.Ad. to fit in Abeolute Tal.ue the rat. or 1.nc:nue lllDUurede 

1'lffl l:UZ'Te• are .abo,m, cm.· tar a l.06 l1 ter •ya:t,ea ..tu.ch ia the- total TOJ.ume· &Dd. 

the otl:la" rr::r a 86 u ~ ~ "lhich 1a the- TOJ.m:e ,r1 thaut & surge tau.. !be 

~- ar tho a.a,.. 1A & :nuomb~ good f1 t to the ~nt&l data al thou.gh 

!SL 

!¥It:: .;_·. 
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nie quest:1011 er the •ou:rce er· this actt·rt ty 1.a •till not IJ.ettl.ed. ~ beet 

or.:1>ateo,: the -...irate o,: -on 1a ""°"' 3 x io-2 ••/ec/d«y o,: 1.nadu.t1an. 

C..lMUA1:o4 --~ .,,_ Jl:!O -u be on the ardar o,: lox 1(1-4 wc/cc/d,q w -
w.te:r 1:adic:ates onlJ-~ lov cauc.ntnt1ona er .Uth:t.un. 
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c= OEClASSif iED Hv-23177-DQ:.< 

WiTH DELETIONS 

pipe that r,ma al.•.i.ag the_bottaa ~ the ri-v.r 'bed to the a.iA cb•rmel.~ ~~ 

ncmta &r'lt llft4e at the actirtt.,- at the -.ter am aquatic lif'• 11.t cU.stanee:a -ap to 

lOO 'llliJ.e9 1n ord.«r to ~all.OY azq .:POt4!a:t.i&l. ba:aZ'd. trc=i pollution. '?bff• 1112111LtrU%'19 .. 

.ant.a an ada di:tficult bi the van.a.tiOD.9 1n nav Note er tJMt rift!' (20,000-;oo,ooo 

cubic .t'IHrt. pe::- second) Wich changes both thR nov pat'b..u-n am tu t1lae ~ 

to rae.eh 1, g:1-nm. -point and. thus the cca:poaition of tbe ut.1.T1t;r due to decq at 

the ~llTed aat1T1ti1H. At· lov -vater (l00,000-200,000 c:ubj,c teet/sie<:00d) 

~o D!la.:l "ntl.oc:1Ues l'IU!ga t'1°'<B about tvo to tour ml.dll re- boar ~ upon 

~ part.icular loeatioa.. ~ by the t.ima t.ba -vat.er baa rMC.':ied lCenDeviclt ar 

than ~-..-~,:i,aUco, !he totai a.ct1Tity ma dA~ed. by a f'a4tar ~ three am the 

compoa:L.-::..-.:.• l:~.., chaD.ged. to g1 Te J~ i:a24, 4-Q1t eu6l., lOp J..s7b, i. ~ p32. .-to • 
.. 

Surreya i,.\ tlis Z'uaco~ck region 1llliic:ata t.bat tbe actiTity 1a reaa~ 

ux:!'.2~~ .:;,,·.:.~ · the r1 TP..r. At di..st&nces cl.oaer to 6e etn.wmt d.i•cbar&,t line, 

the Mi5.~ ;~~ •..4~ to :!"ollo'I & rcl.ati"f'UJ" narrow channel. t' ~ U it novs 
d.ovr. tho r.:. Tt!!'r. 11guree 4., 5, alld 6 an dn:rtn.gs ~ troa Mria.l pho~...:! 

~ ~ ~-·:i.rir.e or tlla ran-1-noa t'ro;a the sett.ling buina· in se,renl, of the 

8l"eNI. !'}d..c pattern eo0%"1tlated. ~ wll rt th ac:U Ti tT --~nta %!Ilda· at the 

Ami!! ti::ie. c.r ;.AL.'!'"ti~ illtereat ia the sketch ~ 1'igu:re 5 'llhich illustrates 

&et.1 Ti ty' f ! lY.S:l its ~ into the ll.ough beb1 nd the 1.al.am. gi. Ting tl:ut higbut ahc.'N• 

.l.1.n4 ~tic=a on tho ri'ftr·. 

BCN"t:i:M ~4•• or ~ va"ter. at Psacc and Jt'.em:imrieli: imicate ~t tba •\a 

~ that. 1nd1Tidm.l act.1T1t:ioa s:re Yell. 'bel.OY th,-, mx1zmm p,end.uiblAI laffl.8 tor 

tllor-t 11,e~ 1n dr1nlc1ng -.ter. Some conct.entrat:1011 ~ &d:irtt;y- 1a notocl Oil 

tha·· fUtAra f~ tbe d.cm.sUcs w.-ter, lnzt W... bu-~ ~ ms ~ ln'al.. 

~ ;\i .. -:.: .. 
.. i. --.r:. · 
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az a . 
·'!!he ~ ~ &quat1.c ll!'e ve a£ 1n._..w1. becau.,. er tbe c~t:1.Cll 

-4' pVt1cm1.&r 1aotopee. Ve __,.,, a.l.reaq noted that the &lpe 1A the 107 'bc.a1A eca

CClt:ra:t" the }113.i! to a W'ge C'Cttti:rt. ~ ~ !'1.ah, ~.an, etc. U the 

nnr iDdica.-te tl&t about~ er the actiTitJ-~~ 1• ?32. · !Ma •el.eeti-,,. 

absorption biu bees attributed, to the 1"'1lati~ -u, m.tur.l, plx:spbaroaq ~ 
or the rt"'r':!r ~ zald.ng the 11~ ors:uuaa ~t:d r~ the ~ ~".l't. 

. . 

l t u &lao ~ 1nte:r-aot to not.. ~t the uptalce u greatest ~ the aoz:rt2za ~ J\alJ" 

to~~ the r1TWr tl.o,r ra~ U"G dec:rw,1:,g~ but tbe mrtahol:1 .. rate ctr 
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